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Qutline

Broad (and rapid) overview of the BSM (non-SUSY, non-Top, non-Higgs) from
ATLAS & CMS

— When relevant, Tevatron results are mentioned.
Priority put on the latest results using the 2010 dataset
— 35-43 pb' of integrated luminosity @ 7TeV

Results are grouped largely by experimental signature.

— Hadronic resonances Links to Results Webpages
— Leptonic and photonic resonances LHC ATLAS CMS
— Lepton+jets resonances Tevatron | CDF DO

— Non-resonance production
— Long-lived particles
Almost all search analyses require data-driven estimates of backgrounds
from data control region and extrapolation to signal region.

— This is the primary analysis challenge

— These estimate rely on pioneering SM measurements and accurate understanding of the
physics objects

Apologies for not covering all the results



Hadronic Resonances

Signature ATLAS CMS Example

Dijet mass arXiv:1103.3864 arXiv:1010.0203 g*

Dijet angular variables* arXiv:1103.3864 arXiv:1102.2020 Q*, contact interaction
Dijet centrality ratio* arXiv:1010.4439 contact interaction
Three jets EXO11001 RPV SUSY gluino

ttbar resonance ATLAS-CONF-2011-070 EXO10023 Z'>ttbar

(I+jets)

*. Strictly speaking not a resonance



Dijet Mass Resonance CMS

Observed & fitted m(jet-jet) distributions
L e L B B B

Bump hunt in dijet invariant mass spectrum.

[2]
=
e
[
>
L

10tk D_ata = L. . . .
i3 — qoon Ns=TTV « Sensitive to the coupling of any new massive object
T Gonan Jar=sspot to quarks and gluons.

p-value=0.39 | a8 a,8

q,8 q,8

(D-B)/\B
N O N

_ ‘_: No deviations from SM — set limits

T A IV
1000 2000 3000
Reconstructed m, [GeV]

ATLAS Observed (expected) limit at CMS Observed (expected) limit at
95% CL (36pb™) 95% CL (2.6pb-1)

Excited quarks my.>2.15(2.07) TeV mg.>1.58 (1.32) TeV
Axigluons m > 2.10 (2.01) TeV m >1.17 (1.23) TeV
E6 diquark (M) [0.50,0.58] [0.97,1.08] [1.45,1.60]

Quantum Black holes (d=6) M, >3.67 (3.64) TeV

ATLAS also provide upper-limits on Nobs for Gaussian reconstructed m;
CMS also provides upper limits on oxBRxA for qq, gg, gg decay modes.
Also exclude string resonance 0.5-2.5 TeV



Dijet Angular Distribution

Look at dijet COM scattering angle 6* via y variable.
Isotropic new physics peaks at low y, while QCD is flat in y:

& ~ - e R - ._
F Ldt=36pb'\s=7Tey ® 520<m <800 GeV i
~30.351 s A 800<m:<1 200 GeV (+0.04) ]
=z b QBH(M, =3TeV) (+0.18) ' 1200<m <1600 GeV (+0.08)]
=3 [ O 1600<m <2000 GeV (+0.12)]
3 030 e m>2000GeV (+0.18) |
z —— QCD Prediction ]
______ [ Theoretical Uncertainties

T 0.25 ] -

Total Systematics

w E ILdl =36 pb ' \s=7 TeV
0.35- —— QCD Prediction 3
F [ Theoretical uncertainties
0.3 - Total Systematics
TR A=5TeV

0 25:_ ¢ data = .E E

o
\S]
T

o
-
T

0.05 Ty 'T,’
|

Aruriril Lt Lninonend Enenenid (e b Ll end W I
QOO 1000 1500 2000 2500 3000 3500
m; [GeV]
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ATLAS also measured £

P

1 1+|cosG*|

—In—
2 1—|c0s9 |

y*‘<0.6)

] N s
! )5

ATLAS limits

Y

*

<17)

Model and Analysis Strategy

95% C.L. Limits (TeV)

Expected  Observed
Excited Quark ¢*
Resonance in m; 2.07 2.15
F\(my;) 2.12 2.64
Randall-Meade Quantum Black Hole for n = 6
Resonance in m;; 3.64 3.67
F\(my;) 3.49 3.78
0,,, Parameter for m;; > 2 TeV 3.37 3.69
11-bin x Distribution for m;; > 2 TeV 3.36 3.49
Axigluon
Resonance in m;; 2.01 2.10
Contact Interaction A
F,(mj;) 5.7 9.5
F, for my; >2 TeV 5.2 6.8
11-bin x Distribution for m;; > 2 TeV 5.4 6.6

ATLAS sets limits on contact
interactions: A*>9.5 (5.7) TeV

i 0.7 —+— Data CMS
i [ W QCD prediction \§=7TeV
- —— A*=5TeV - -1
-8% - A =5TeV el
[ s M, >22TeV (+0.5)
5 o-e_————-‘ i > €
g L —1—
PR — S ———
L e
A -
05 .. 1.8<M;<22Tev (+04)
== | S
04 14<M;<18Tev (+03)
[ 11<M;<14Tev  (+0.25)
0.3 0.85<M; <1.1TevV (+0.2)
B i o
0.65 < M;; <0.85 Tev (+0.15)
e 0.5<M; <0.65 Tev (+0.1)
0.35<M; <0.5Tev (+0.05)
——
e 0.25 < M; <0.35 TeV
il Enenenl Ienenendl Lainenllnenen lrentns lorenand leninen

st (5on\pncl Muon Solenoid

X= exp(|y1 - )’2|) = exp(Z‘y*‘)

2 4 6 8§ 10 12 14 16
X

dijet
CMS sets limits on contact
interactions: A*>5.6 (5.0) TeV



v e Multijets
55999/;.'<- jet

Search for strongly coupled resonance decaying to 3-jets

Look for 3 jets resonances in 6 jet final states
Sighature Selection

v’ >6jets & large Xp; (>425GeV)

v" Use an ensemble of jet combinations (Mjjj)

JIUS URURLUN [RUSURLUN) JIL UL [N [ LU FRLILALL ) LILALALU
CMS, 35.1 pb™ u

= Data (= 6 Jets)
— Exponential Fit Function
===+ 250 GeV/c? Gluino Model =
,, Offset A =130 GeV =

2
Illll

Number of Entries /10 GeV/c?
"
-

0 100 200 300 400 500 600 700 _ 800
M, (GeV/c?)

95% CL Limit o x BR (pb)

10° |

Modeled with RPV gdecays

Three Jet Mass [GeV/c?]

Limit set on RPV decaying gluinos, excluding mass form 200-280 GeV
Highest limits to data, first pp limits (CDF excludes below 144GeV — CDF10256)

Largest excess seen @390GeV - significance of 1.90
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ttb ([ et ) CMS,/!
al resonance (t+jets
=
’ .
Z' resonance Non-resonance: stop, QBH.(t+X, tt)

Search for resonance in ttbar decay (l+jets)

E 6 pb at\s = 7 TeV Jaco =

. o . . . . , 24 jets, 2 2 b-tags [ Z/v 1" (+ light jets) 3

CMS improves sensitivity by categorizing events (l, #j, btag)z D 3

2 1 B Wosb (+ light jets)

wn L L L L R DL AL L A L LA [= e+ et ingle-To j

£ ATLAS Preliminary 33 pb' @ 7 TeV c 2 J — P

S H I top = — 80 e Z'05TeV (50pb) 3

2 e/u+jet Wad 2 80prrr 1 - Z075Te E

o sof  E/WHet Sie 4 & e i | SRk

o EE QCD muon Q = 7036 pb' at\s = 7 TeV = 7'1.25TeV (50pb) 3

o Il QCD ele = = r b ‘ ¢ E

B e ATLAS data ﬁ T 60[ —e— Observed (95% CL) ] I i e
S 10 o N oA E 400 600 800 1000 1200 1400 1600 1800

8 @ o 50 \ Expected (95% CL) 4 my [GeVic?]

‘s m . 1

1 g XN 40; \ “\“ + 1o Expected E N§ 18 :_CI|V|S E’relli\[nlinaryl T l ﬂLDalla ' 4

2 g = 1 F 36 pb' at\s = 7 TeV E

] E 30F | + 20 Expected - 8 16 ;—u, 2p4 jeatts,252 b-tai;s E ZS'DAN (+ light jets)_;

= € r \ 3 14k [ vbb+x =

5 20f B Egveex 3

0 500 1000 1500 2000 5 s 5 of E A

i g | > E ; =

M(4jlv) [GeV/c?(dRmin method) = 10F CN: st som

e e R i 58s o pme

=" L s =7 TeV dRmin. Syst.+stat. E o [TeV/cZ] 4; -~ Z'1.25TeV (50 pb) —;

é i de’ =33 pb" —e— Obs. 95% CL upper limit Z 2F 7 + * E
c |1 o Exp. 95% CL upper limit 0%400 600 800 1000 1200 1400 1600 1800

sl .
10°F [ Exp. 16 uncertainty E m, [GeV/ic?]
- [ Exp. 2 6 uncertainty .

Quantum Black Hole E 95% CL Upper Iimit On GXBR (Z’%ttbar) [pb]

ATLAS Preliminary |
_ _ATWAS -

_ m,=500GeV 55 (40) 25
\ m,=1000GeV 2.2 (5.0) 7

2500

QBH mass threshold [GeV/c?] m_,=1500GeV 4
Exclude QBH with mass below 2.35TeV
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Leptonic and Photonic Resonances

Signature ATLAS CMS Example

lv (I=e,p) arXiv:1103.1391 arXiv:1103.0030 W’
arXiv:1012.4945

I*I- (I=e, ) arXiv:1103.6218 arXiv:1103.0981 7
EX010025 q*

I*I- Y(I=e,p) EXO10016 ed ik

YY ATLAS-CONF-2011-044 EX010019 RS graviton

Muon jets EXO11013 “dark photon”




No devisation from SM

Compact Muon Solenoid

Ll L "'l'l'l']'
CMS -Waev

10* fL dt=36.1pb" B uti-jet
VE=7TeV L E
D Other Bkgs

* Data

<o+ W' (M=0.9 TeVic9)
-« W' (M=1.1 TeVic?)
------ W (M=1.3 TeVic)

M, (GeV/c?)

% 106 ] ' ' o .'laia 1 % I ' ' o
| - ev  ATLAS Oweeo . & UV ATLAS W0
W — ev Cw1000) W'— uv Owroo0)
10¢ \s=7TeV CIw(1500) 10* \5=7TeV CIw(1500)
JLdt=36pb" [Cw JLdt=36pb" [w
10° m: m:
S .ltbar .!tbar
10 Diboson Diboson
QcD Qcb
10
1
107
T — =k - -
my [GeV] m; [GeV]
95% CL lower limit on W), [in TeV] 2 10
(]
> 10°
Channel ATLAS Obs (Exp) | CMS Obs _—
10*
Electron 1.37(1.37) 1.36 10
10°
Muon 1.29(1.21) 1.40(1.35) .
. 1
Combined 1.49(1.45) 1.58 o

102

ILdt::;Spb"

Vs=7TeV
— W' (m_ =1.0TeV)

uv cee W'(m =1.4TeV)

Tevatron limit: 1.1 TeV

ATLAS sets also limit on W* up to 1350GeV
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l*l- Resonance Searches CMS

AL

q ot

Compact Muon Solenoid

Look for bump in dilepton mass spectrum (isolated high p; leptons OSSF)

No deviation from SM (dominantly Drell-Yan) R L i J.L."‘f‘?’."",
E ) [ I t ;ATA I 3 8 ’ = —§
) 2 T 3 0 zyoete ] = ot 4
g ATLAS :g, ATLAS Al ED _. % =S B - otver promp eptons. 2 l"l IJ. [ i+ otner prompt eptons ]
j Ldt=39pb" J' Ldt=42pb” o 1 & [ e E & I 3
\Ns=7TeV — k Js=7TeV E]\gégets k | Zgou (750 GeV) et ] Z'5q (750 GeV) > pyw-
[JZ'(750 GeV) 3 [JZ(750 GeV) 3

[)Z'(1000 GeV)

[Z(1000 GeV)
[Z'(1250 GeV)3

4 [JZ(1250 GeV) 3

80100 200 300 80100 200 300 1000 2000

600 1000
m,, [GeV] m,, [GeV] m(ee) [GeV]

200 400 600 800 1000
m(p*u’) [GeV]

Express limit as a ratio b/w o(Z’) to the SM Z

R ocpp = Z' + X = U+ X)
7 (pp—>Z+X—>N+X)'

95% CL lower limit on Z'¢,, [in GeV] 7

ATLAS Obs (Exp) | CMS Obs «o.

cms,J Ldt = 40.0pt
— AT

Sl

[ '68% expected
I 95% expected
Bl G, «M,=0.1

(=2

Electron 957 (967) . -q,;:Mk/M_m=o.05 )
Muon 834 (900) 1027 e
Combined 1048 (1088) 1140 02

Tevatron limit: 1071 GeV ST = =S .1210%[6 7o

ATLAS sets also limit on Z* (1152GeV) and E6 motivated Z’
234 Rencontres de Blois



“ Quark Compositeness

u

Gauge interaction Contact interaction ,
Search for anomalous production of highly boosted Z°
Search for bump in Zp; spectrum

CMS Preliminary, 36 pb’

o
. : * - > C CIMeSTE - oam
Weakly decaying excited quark ¢ —>g¢Z > qu'u 2 Clacromie |
< -~ GP. M::=10Y:::'c" o
A=M,_ and f = ' =1 %102
Complementary to ¢ — jj decay channel § . R
No deviation from SM predictions 10.

Gauge interaction Contact interaction
~1500 cMS ',DF?E.LI.M,N.ABY‘ 30 pb” — ~3000 — CMS '?R.E.LI,M:N.ABY’ il — il ' ‘ . N
§14005_ i —fs=1.0 ‘ E § N —fS=1'0 1 ' ".1 !
[ s fo=0.7 E ry N fs=0.5 ] A
C1300F =06 - C2500f fg=00 Lot o AN ]
<1200 Lo fg=04 G < ] 107 10°

1100 | fe=08 3 2000} . Exceed Hera P; [u* 1] (GeVic)
e I E — . limit >252GeV]

E — E [ | 4
900;-~' — 1500f S
800 | [

700 = 1000 .
600~ \ ] h
500000~ "800 1000 1200 1400 500500 800 1000 1200 1400
m,. (GeV/c?) m,. (GeV/c?)
M.=Af=f"=f=1 M.=Af=f"=Lf=0
M ,.>091TeV M . >1.17TeV
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Compact Muon Solenoid

rave l(ly) resonance searches CMS

1075

CMS Preliminary 7 TeV 36 pb™” CMS Preliminary 7 TeV 36 pb

. H N O R AR LS RARAE RN RN LS RRARN RARRSI A RN LS LN ARSI L RS LR RARE

Search for excess in at high % ATV o % IAEATEV . o ]

8 = v | 8 =l

ake y backgrounds 4 F I Fake y backgrounds

M(eV) Or M(IJ,V) 8 EZ?::astackgrounds J 8 1 El;ia::;:sbackgrounds _:

o . . . =~ M=200 I~ E
Production via new contact interaction £ 1M=400 1600 " 2
g - E; § q>)
w 5 LW

qq — e —> eey
""" .g 1072

qq — U — uuy

Experimental signature:

103

2 e

100 200 300 400 500 600 700 800 9001000

. . 100 200 300 400 500 600 7%2)(800 90016
v’ 2 isolated e/u of opposite charge (GeVic?) M7 (GeV/c?)

v’ Isolated y AR(y,l)>0.5

s CMS Preliminary 7 TeV 36 pb’ s CMS Preliminary 7 TeV 36 pb’
S 10T T A= Tey 5 0T T a=iTev
o r * A=2TeV (o F * =2TeV
S el Mex |12 S el My |
Y E —e— A=6TeV >1~ E —— A=6TeV
T Foe Observed Limit (95% CL) T Foe Observed Limit (95% CL)
> 10 ... | = Expected Limit (95% CL) N 10F ... | —— Expected Limit (95% CL)
° E 3. E-.. e
o L 4 T [, 4
- 5 ! ,
o - X o e
. 0 © ? \‘n."""x._,»\ T ke g
Channel 95% CL lower limit M(I*) -
107k
for A\=2TeV [GeV] ool
-4: PSR NS NS NS SN S NN T ST N S i - i PR NN NN SRR NN SR S RS S
Electron 760 052 ""04 06 o038 1 T2 100507 06 08 1 T2
M. (TeV/c?) M,. (TeV/c)

Muon 785



]
3
5
~
g
£
3

Bump hunt in yy mass (at high mass !) . CVS Preliminary
. - data
Randall-Sundrum Gravito L L =36.1pb" gpiphoton (MC)
i — —— ——— — — R _ N —— — i —QCD jets (data-driven)
%, E I ‘ ) = Estimated bkg I E d L F ATLA sl Prelimin:ary I ] H7 jets (data-driven)
O] x j Ldt=36pb [[]Bkg extrapolation syst uncertainty 4 o3 Y Expected limit |
f 1021y, eDatavs [ 16 bkg uncertainty band (stat+syst) = & - I Ldt=236 pb'1 [ Expected+16 -
§2] E N, *DataVs=7Tev [[J2c bkg uncertainty band (stat+syst) E ® - N 1 Expected2c
s -+ MG G008 G005 Gie0rt - 4y N, Vs=T7Tev —— Observed limit
g 1 oL ss0Gev Tro0Gev HowGev | B { - N = =
g 3 = F .
C ] > = ]
i3 14 | ]
I 1 S1o'fE E
107 5 o r /eo ] ‘
- : i N4 ] 400 500 600 700 800 900 1000
© ATLAS Preliminary - \ AN 1 L m(yy) [GeV]
L) P R P LN L An A N A, NN
10° 200 400 600 800 1000 1200 400 600 800 1000 1200 1400
my, [GeV] melGeVl o —
2 49 E CMS Preliminary
e . o _ R
95% CL Upper limit on RS Graviton [GeV = B L=36.1pb" ]
= o8y =
= e -
¢ 0.7fF — kM,=005 |
/M, |ATLAS [cvs  [coF Do [N |
X ’ g Expected Limit g
0.01 i 371 459 560 o osf
04 =
0.02 545 i i i 0af ;
0.2F —
0.1 920 945 963 1050 0.1f <
P P I P | Al Lt AR DProarers =
g 300 400 500 600 700 800 900 1000 1100 120C

CDF combined limit G>yy+G—>ee+G>pu: 1119 1
LHC experiments approaching the most stringent limits
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u-Jets

Search collimated groups of di-muons from new low mass resonances (m-~GeV)
» Studied 3 SUSY with “hidden valley” scenarios

Simulation ! .

— Model motivated by PAMELA’s positron excess b (CMS)
u’s clustered into nearby, pairs of opposite charge g W)
1]
* Channels: [pp], [MH] [Hp](same mass), [pupp], [25¢] A
Now
-
—p—
e
CMS Preliminary 2010 \s=7 TeV L, =35pb’ CMS Preliminary 2010 Ns=7 TeV L;,=35pb™ CMS Preliminary 2010 \/s= 7'rev |_Im_35 pb’!
S A A L L ) e e e b2 I e e e o R R e ERRRE
D 40 di'“"xb o )W = %4.5 2 % 0.8 95% cL Upper Limit E
E:D) 355 predicted BG shape 4O 4 i 2 88 0.7 RY: di-u + X E
% 30 E 33.5 i N R2,: diy + diy + X E
T 25 1 £ Sipme u— " % 05§ — = R}: quad-it + X
220 =B || 100 ' .
215 E 0.4 s
10 A 1. 10 03;_ _;
5N - C e
I\ 1 e sl w02 E
Yy 05 115225305 4 455 B S SRV o SV SR - W WY -
m(uu), Gev/c? m;(up), GeV/ic? - ]
005 11 25 35 4 45 5
m(yd), GeV/ch2
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Leptons+jet Resonances

Signature ATLAS CMS Example
ejej arXiv:1104.4481 arXiv:1012:4031 LQ(1)
ejVj arXiv:1104.4481 arXiv:1005:5237 LQ(1)
WL arXiv:1104.4481 arXiv:1012:4033 LQ(2)
KjVj arXiv:1104.4481 LQ(2)

WqWqg->lvqglvg ATL-CONF-2011-022 Heavy quark




Look for excess in high S; for eejj or evjj final states

1 LQ(1) searches

1

Compact Muon Solenoid

= T T T L] T T T

3 E_ . ' ! o Data 2010 N5=7 TeV) . . ) CMS - Data, 33.2 pb”
9 8§ e . v+sts 3 l 2 ] ]2 >~ 1 %45 Zh* + jets 3
& C Top f— 1 1 2 N _{ J E
g St eeJJ :E:;’:_"mu o ST pT + pT + pT + pT § ﬁit(t)thcr backgrounds:
E. o tg‘""ﬁg“:i 3 fa’ e e LQ. M =400 GeV 3
o j"“‘s .1 ATLAS signal region definition £ 2 1
2y : et . . . o 2 x&; A
£l e eejj and ppjj evjj 10t il :
- el O s My, > 120 GeV | Mt > 200 GeV ) O OO
v C————— 0 100 200 300 400 500 600 700 0 900 1
600 800 1000 1200 14005;[;0\/.; AYLQ > 150 GeV AJLQ > 180 GeV St (GeV)

e s pr > 30 GeV | Mpq > 180 GeV T s B

‘85 erj -¥;Lels E S'[r > 450 GeV Sr'f > 410 GeV 10§—eVJJ N ;;t\fww“jms E
2 - E;;)(OS(_J;SOG v) 10 [ ) HH Other backgrounds _
I S — Lam=300 Gel) Cuts optimized for each LQ mass hypo. : M e ey T

s | Q(M=350GeV)
ATLAS

JLdt=35 pb’

150 200 250 300 350 400 450 500 550 600

(CMS doesn’t use M, as discriminant)

Loabovaalunnilen

Events X (100 GeV)/(bin width)

—
e

amemEM95% CL upper limits [GeV] on LQ1 (eejj, evjj combined)

f=BR(LQ - Ig)
1- B=BR(LO — vq)

B ATiAS_lcvs |CDF D0
0.1 - 255 145 -

0.5 319 340 205 284
1.0 376 384 235 299
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o <L LQ(2) searches

LQ q

Compact Muon Solenoid

1

Events / 120 GeV

o Data 2010 pf2=7 TeV) 3 e Data 2010 NE=7 TeV) £ o .
. V-jets I Vejets Z CMS o ij‘:' 34.0 pb ]
Top 3 Top g 0 M’r‘*‘-‘ Z_/Y‘ + jets ]
B Diboson s B Ciboson - E XXX tt §
—— LO (m=300 GeV) % LQ (m=250 GeV) = ittt Other backgrounds 3
------- LQ (m=350 GaV) Iﬁ : : — LQ (M=300 GaV) 10 s LQ, M =400 GeV -
------ LQ (me400 GeV) - : : LQ (M350 GeV) + ]
ATLAS ATLAS V4% L Y e 2 T
s : FZazjnnmm
ILdt=35pb‘ ILd‘=350b ,; \%&\\&\ \\\ \
5 10" \‘\\&&:\\\\\ \ N
N \\ \
' §:§ \§§§ NN
/7 \\\
102 LTI =..H.

[~

AN

Mr > 160 GeV
]\"ILQ > 150 GeV
Mg > 150 GeV
S% > 400 GeV

0 200 250 300 350 400 450 500 550 600 00 300 400
LQ M(y, jet) [GeV] T(GeV)

95% CL upper limits [GeV] on LQ1 (upjj, Hvjj combined)
___I!-
~145
0.5 362 ~290 ~210 270
1.0 422 394 ~225 316
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Events with exactly 2 OS leptons and at least 2

jets, MET>40, Z mass veto (for SF l)

Approximate mass reconstruction possible.
* Neutrinos are about collinear with leptons

— boosted W’s.

 Allocate MET to the two sides to minimize mass
difference of the two M

collinear*

Cut in plane of HT vs M(collinear)

Table 4: List of final selection cuts for each Q4 mass.

Q4 Mass (GeV)

Final selection

250
300
350

400

Ht> 500 = 0.7 X M coliinear
Ht> 600 — 0.5 X M otiinear
Ht> 600 — 0.2 X M opiinear
HT> 700 — 0.3 X Mml[inear

95% CL.. upper limit on M(Q,)>270 GeV,
Applicable to u, and other exotic Q,-like models

CDF limit: m ,>356 GeV (arXiv:1101.5728)
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NEvts

20

15

10

1
ATLAS Preliminary JL =37 pb"
i Il single top
[ diboson [z - ee
[Jz->un [JFakes
Bz« [0, M=350GeV

® Data

Illllllllll

Event selection without
triangular cut HT vs M

collinear

lllllllllllll

100 200 300 400 500 600 700 800 900
Mcollinear [GeV]

Observed and predicted coll.
Mass for M(Q,)=250GeV

NEvts

OO

(2]
IIIIIIIIIIIIIII]IIIII

e B R B B B B B e A s
ATLAS Preliminary jL =37pb’
I [l single top
[ diboson [JZ—ee
[Jz-ue [JFakes
Bz-o« [Q M=250GeV |
® Data ]
Kinematics constraint (as for ]
LQs) for equality of both

recpnstructed Q, masses

100 200 300 400 500 600 700 800 900

[GeV]

Mcollinear



Non-resonance Production

Signature ATLAS CMS Example

up (OS) arXiv:1104.4398 EX010020 ADD, contact
interaction

YY arXiv:1003:4279 ADD

Monojet+MET Preliminary EX011003 ADD

YY+MET arXiv:1012.4272 UED

KU (SS) ATLAS-CONF-2011-065 Black holes

Multijet ATLAS-CONF-2011-068 Black holes

Multi-object ATLAS-CONF-2010-088  arXiv:1012.3375 Black holes

Trilepton or SS arXiv:1102:4746 b’>tW

dilepton +jets

ttbar+MET

ATLAS-CONF-2011-036

T>t+A,




Non-Resonant p*y- production CMS

Compact Muon Solenoid

Similar to the Z’ analysis

] ) CMS: graviton in ADD
Look for enhancement of dimuon events at high mass

CMS preliminary  \s=7 Tev,j L dt =40 pb™

ATLAS: contact interaction \ gy o
e 10° g z B 3 ﬂ 3104 : Z_/’Y*ﬁ o
s . E O] = tt
3 10° ATLAS S \ GKK O ol B ADD, A; =16 TeV
§ JLdt:42 pb’ EDiboson 3 : < [ —e— Data
w 103 t = / \5\\ :, 2 L
Vs =7 TeV -3“1.813 : Vag \ %10 1
10° :2:2;3 E -9 Signal region
10 - A*=5TeV L
_____ Theory Parameters: 10 L
107 K M.=UV cutoff in o 102 3
102 . N= number of ED , :
8010°  2x10° 10° 2¢10° 0 e
m,, [GeV] 500 1000 1500 2000 22500
95% CL lower limits of scale of . M, [GeVicT]
: : O.+< 0.088-0.098 pb @ 95% CL
Lpgqg contact interactions [GeV] e
95% CL lower limits on the ADD cutoff scale M. [TeV
ATl ’ s TeV
. NLO k-factor 1.3 applied
N 4.9 4.2 At [TeV] (GRW) M; [TeV/c?] (HLZ)
A 45 29 n=2 n=3 n=4 n=5 n=6 n=7

Full 1.80 1.75 215 1.80 1.63 1.52 1.43
Truncated 1.68 1.67  2.09 1.68 1.49 1.34 1.24
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DiPhoton (CMS)

Other ADD-inspired searches

Count number of events with M(yy)>500GeV

GRW Hewett HLZ
Pos. Neg. |ngp=2 nmgp=3 ngp=4 nmegp=5 ngp=6 ngp=7
Full 194 |1.74 1.71 1.89 2.31 1.94 1.76 1.63 1.55
Trunc. | 1.84 | 1.60 1.50 1.80 2.23 1.84 1.63 1.46 1.31

Model independent o limit: (0., —0g,)xBxA>0.11 pb (95%CL)

CMS results extend limits on MS from DO limits for all but n=2

Monojet
7 G Event topology: unbalanced high-pT jet
resulting in large MET
g
S [T T T I T T T
@ 10" cMS Preliminary Ezow
q g g F |L dt =36 pbatvs=7 Tev E:?’*'V 7
%3'5: \ - 10 [CJaco —
%’ 32_ ATLAS preliminal’v —2;:A:::334pb % F !igg[Mngsg 1
ng_sz_ e LEP combined q>) 102: -8~ Data
3°7F e
£ 2__—|—I— [~
- 10E -
L SO B

-
7T

e
@
TT | TT 1T

0 E | | |

4
Number of Extra Dimensions
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Di-photon + MET

Look for excess of event in yy+MET+X

« UED: strong production of pair of KK quarks/gluons which
cascade down to LKP (y*—G+y)

> r o I [ |
8 10°¢ —— Data 2010 (Vs = 7 TeV) %102 - —— 95% CL Limit i
o 8 Total background : B UED LO croes saction ]
~ i [CJUED 1/R = 500 GeV
S 10F C_JUED 1/R = 700 GeV
Q2 Uk
E N
w1k
E 10F
L :
107F _r
-
102
l Ldt=3.1 pb’ TE
10°kE =3.1P 400
- ATLAS
0 10 20 30 40 50 75 150 600 Exclude 1/R values < 728GeV

ET™* [GeV]
DO excludes 1/R<447 GeV @ 95% CL arXiv:1008.2133
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ATLAS:
High Ntrk region in SS dimuon sample

Search for excess in event with >4jets & high Xp-

L I B L) B L L) I AR B

TTTUTATLAS Plelimihary T [~e=Data Y
—— Standard Modet|
\I§=7Tev,_[Ldt=31 pb' | p+fake E
I ]
d g b
Signal region | "0 .,

10 NN T T PR T IO :
5 10 15 20 25 30 35 40 45 50
.. NTracks
Limit on 0xBRxA=0.148 pb
4.5 T T
S 2] L ATLAS preliminary .
@ /5 = TTeV, £ = 31pb
i~ « < T
E ~— = unconstrained limit
- — constrained limit
) 4 - =+ expected limit
8 expected 1 sigma
E expected 2 sigma
5 . Mpy = kM
‘© -
3.0 n
E .
£ * Rotating black
S \

Reduce Planck mass 2Vl
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Black hole-inspired searches

o bompncl Muon Solenoid

CMS: Search in Sy -vs- Nops 01550
BH decay via Hawking radiation to all SM

degree of freedom (mostly quarks and gluons)
> ! Nes o a') i
O ¢ . Data
10 Background
8 Uncertainty
— e Mo=15TeV, M =30TeV,n=6
=~ 10 Mo =20 TeV, M =30 TeV, n = 4
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1 3
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Heavy quark-inspired searches CMS

ATLAS: search for anomalous ttbar+MET CMS: search for b’—tW via anomalous trilepton or SS

*  Lepton (p;>20)+24jets (p;>20) dilepton production
«  MET>80, M;>120 * Lepton Pt>2
« 2nd |epton veto (inc isolated track) *  24(2) jets pT>25 for S5 dilepton (trilepton)
e * 7 mass veto, 5;>350 St = ¥ pr(jets) + ¥ pr(leptons) + Bt
(?3 9F ATLAS Preliminary N,24, m >120 GeV .
e . 6 gzt;(SSpb") ] S CMS 34pb™' s =7 TeV
- - [ [ ti+je B i+ jets |
& 7 — el Sl E Wznetsiboson [ Wy 400 Gevict |
‘g 6F ¢ @ single Top o : * data E
q>.> O Z + jets CLG K same-sign dilepton + trilepton
S5kt +jets ~ I i
w bodud % \l;vibo]sc:n (2]
S 0 O - EIF *L E
3 e ]
[
2
L T g T 10°F
80 100 120 140 160 180 200 220 240 1 i
EMS [GeV] 102 ﬂ — E
Ll - L 1]
ATLAS excludes m(T)<275 (300) GeV at 0 500 1000 1500 _ 2000

S, [GeV]

95% CL for m(A,) < 50 (10) GeV )
CMS excludes m(b’)<361 GeV at 95% CL

)
]SODan?(x ': I;J <d1egoné(!\)/<[3c6§|:(r3‘uglleaico9357/2]cL CDF excludes m(b’)<385 GeV at 95% CL
0 PRL106.141803(2011)
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Slow/highly-ionizing/stopped particle

Signature ATLAS CMS Example
Highly-ionizing particle arXiv:1102.0459 Highly charged object
Slow particle arXiv:1103.1984 arXiv:1101.1645 R-hadron

Empty bunch crossing arXiv:1011.5861 Stopped gluino




Long-Lived Heavy particles appear in many BSM (e.g. g in split SUSY)
* Since massive they are slow ($<0.9)

*  Gluinos hadronize forming R-hadons

ATLAS

* B from HCAL TOF and PIX dE/dx. Combine w/ p to get mass

CMS

* B from dE/dx in tracker only. Combine w/ p to get mass

* Qut-of-Time decays of particles which stopped in the detector
Both

* Fully data-driven bkg estimates

o(pp — §8) x BR@ — gx°) [pb]

-
(=}
>

Slow, massive particle Searches

Compact Muon Solenoid

95% C.L.

del=10pb‘

FLpe=1x10% cm?s?

\Vs=7TeV

m - m,. = 100 GeV/c®

- Obs.: Counting Exp. (EM only)

Limits:

Expected: Counting Exp.

Expected +1o: Counting Exp.

Expected +2c: Counting Exp.

Obs.: Counting Exp.

Obs.: Counting Exp. (Neutral R-Baryon)

Obs.: Timing Profile
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Summary & Prospects

« ATLAS & CMS are mining their data for any sign of new physics
— 2010 data ~fully analyzed. Strong effort on 2011 data (PLHC, EPS, LP...)

» Searches for beyond-SM phenomena
— Large amount of searches performed.
— Limits significantly improved over Tevatron in many cases.
— No sign of new physics so far (NP not “just around the corner’)

—_—
r ATLAS Online Luminosity \s=7TeV a
600 - [ LHC Delivered ]
500 [__]ATLAS Recorded .

- Total Delivered: 506.7 pb™
400 Total Recorded: 480.8 pb™

« Expect 30-100 times
more data by the end of 2011.

300 —

2011

200

Collected x12 of 2010 dataset already! 100F-

Total Integrated Luminosity [pb ]
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28/02 30/03 29/04 30/05

Day in 2011




